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A GREAT TELESCOPE AND ITS 
POSSIBILITIES? 


Very rarely has a project of scientific interest made 
a greater appeal to the imagination of those interested 
in the advance of knowledge than has the recent an- 
nouncement of the action of the International Educa- 
tion Board in making provision for the construction 
of a 200-inch telescope and an astrophysical observa- 
tory for the California Institute of Technology. The 
plan for this great undertaking is unique in many 
respects. Involved in it are not only the design, con- 
struction and operation of a telescope nearly seven- 
teen feet in diameter, but most essential of all, the 
active cooperation in all these questions of the group 
of scientific men in the laboratories of the California 
Institute, and of the astronomers and physicists of the 
Mount Wilson Observatory of the Carnegie Institu- 
tion of Washington. The gift was made in the belief 
that the combined experience of .the investigators at 
these two institutions in the design and use of large 
telescopes and accessory instruments, and their inti- 
mate knowledge of the important astronomical and 
physical problems to which such an instrument should 
be applied, provide an unusual opportunity for nota- 
ble additions to our knowledge of the organization of 
the stars and universes of space, and the behavior of 
matter in the great celestial laboratories afforded by 
the stars and nebulae. 

It seems especially appropriate at a meeting of the 
American Assoviation for the Advancement of Sci- 
ence, which brings together men interested in all 
branches of research, to consider some of the questions 
involved in the design of a great telescope, the selec- 
tion of its site, the character of its accessory instru- 
ments and the results which may be expected from its 
use. Some of the problems are those of the mechan- 
ical engineer, others are of an optical nature, while 
the meteorologist, the chemist, the physicist and the 
astronomer each finds abundant opportunity to apply 
the results of his own training and experience. The 
necessity for technical advice of the most diversified 
character has been recognized from the very begin- 
ning in connection with this undertaking, and the 
active and cordial support promised by eminent men 
of a wide variety of interests is one of the best assur- 
ances of its successful accomplishment. 

1 Address of the vice-president, and chairman of Sec- 
tion D—astronomy, American Association for the Ad- 
vancement of Science, New York City, December 28, 1928. 








In every field of science the investigator sooner or 
later finds himself confronted with the limitations of 
his apparatus, but there is none in which these limita- 
tions are felt more keenly and directly than in astron- 
omy. For the astronomer is subject to two serious 
handicaps from which other scientists are free. In 
the first place, he has to work upon his material at 
fixed and enormous distances: he can not bring the 
sun or a star into his laboratory. In the second place, 
he is obliged to work through the veil of the earth’s 
atmosphere, which reduces the light of the star which 
he wishes to photograph to nearly one half of its 
original amount and affects its quality in many seri- 
ous respects. To meet these difficulties and advance 
the present limits of his knowledge, the only resource 
of the astronomer is to gather more light, that is, to 
build larger and larger telescopes. He can not bring 
a star into his laboratory, but if he can collect suffi- 
cient light with his telescope he can apply to the star 
the powerful laboratory methods of analysis which 
are beginning to prove so extraordinarily fruitful in 
increasing our knowledge of the nature of stars and 
the physical processes occurring within them. Simi- 
larly, for nearly every other research which one can 
name the pressing need is for more light. Greater 
light-gathering power means the possibility of photo- 
graphing fainter stars and fainter nebulae, thus add- 
ing, on the one hand, to our knowledge of the extent 
and form of our own universe of stars, and on the 
other, bringing into view new universes separated 
from us by the enormous distances of space. A larger 
telescope also means a great advance in the difficult 
problem of measuring the heat of stars, in mapping 
the surface temperatures of the planets, in deriving 
the motions, distances and physical constitution of 
stars, in studying the processes of their evolution, and 
finally, in passing outward from our own universe to 
the investigation of the structure and development of 
the millions of island universes which are seen as the 
merest glimmers of light in the largest of existing 
telescopes. 

The first great problem relating to a very large tele- 
scope is its design. It is clear at the outset that it 
must be of the reflecting type since the effective limit 
of refractors designed for photographic work seems to 
have been nearly reached at apertures of three or four 
feet, unless radical improvements in the absorptive 
power of glass are developed. The telescope should 
be designed to give great space-penetrating power, to 
reach as large a portion of the sky as possible, to be 
capable of adaptation to a variety of different forms, 
to be of massive and stable construction and simple 
and convenient in operation. Although no definite 
decision has as yet been reached with reference to the 
design of the 200-inch telescope, the results of experi- 
ence with the 100-inch reflector on Mount Wilson lead 
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to conclusions which can not fail to have a direct bear- 
ing upon the new undertaking. 

Nearly all reflecting telescopes which are planned 
for photographic investigations are of comparatively 
short focal length. The 60-inch and 100-inch reflec- 
tors on Mount Wilson both have a ratio of aperture to 
focal length of one to five, and there are few large in- 
struments of this type in which the ratio is less than 
one to six. For most large refractors, on the other 
hand, the length is some fifteen times the aperture. 
The short focal ratio of the reflectors results in a 
great concentration of light in a small image, and so 
makes it possible to photograph very faint stars and 
nebulae at immense distances. This power to pene- 
trate space is secured at the sacrifice of the field in 
good definition, the extent of field falling off as the 
ratio of aperture to focal length increases. But since 
the study of individual stars, of small areas in neb- 
ulae, and of planetary and lunar details will probably 
form the most important part of the program of the 
200-inch telescope, the loss in size of field should not 
prove vitally serious. The possibility of constructing 
a lens to be placed in the convergent beam of light 
and increase the extent of field is now under investi- 
gation by a skilful designer of lenses, and a success- 
ful outcome would almost certainly lead to the deci- 
sion for a very short focal ratig of about 3.3 times 
the aperture of the large mirror. The fundamental 
argument that a short focal length will result in very 
great space-penetrating power, while the possible loss 
of field can always be partially compensated by suc- 
cessive overlapping photographs on the object under 
investigation, is of great and perhaps decisive impor- 
tance. 

We may assume, accordingly, that the telescope 
with a mirror slightly less than seventeen feet in 
diameter will have a primary focal length of about 
fifty-five feet. The efficiency of such an instrument in 
rendering visible faint stars will be extraordinary. 
The mirror will collect about one million times as 
much light as the human eye, and with all allowance 
made for losses in the telescope a factor of 700,000 
should be conservative. As compared with the 100- 
inch telescope on Mount Wilson, the new telescope 
will have four times the surface, and an additional 
factor of advantage in its relatively short focal length 
as compared with aperture. It seems probable, ac- 
cordingly, that it will show stars at least five to ten 
times fainter, and the gain may be even greater. 
With the 100-inch telescope stars of the twenty- 
second magnitude have been photographed, so that 
the 200-inch instrument may be expected to reach 
stars of nearly the twenty-fifth magnitude. In other 
words, stars may be observed whose apparent bright- 
ness as compared with Sirius is less than that of Sirius 
as compared with our sun. The brightness of 4 
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twenty-fifth magnitude star is about equal to that of a 
standard candle flame of the same color seen at a dis- 
tance of 41,000 miles, or one sixth of the distance 
from the earth to the moon. 

The experience of all observers with large reflectors 
has shown the great advantage of the use of secondary 
mirrors in conjunction with the principal mirror to 
give longer equivalent focal lengths. For most spec- 
troscopic work, for direct photography of the moon, 
planets, nebulae or star-fields where high magnifica- 
tion is desirable, and for all observations in which 
large accessory apparatus under laboratory condi- 
tions is to be used, the Cassegrainian or coudé form 
of the telescope is essential. In both of these modifi- 
eations of the instrument the usual plane mirror of 
the Newtonian mounting at the upper end of the tube 
is replaced by a convex mirror of hyperboloidal 
shape. The convergent beam of light from the large 
mirror after reflection from the convex mirror con- 
verges much more gradually, and the equivalent focal 
length may be made as great as desired. In the 
coudé form of telescope the light is reflected a third 
time by a plane mirror placed at the center of rota- 
tion, and passes through the hollow polar axis into a 
laboratory where all kinds of powerful apparatus 
may be used to analyze and study the image formed 
in the focal plane. Both of the large reflectors on 
Mount Wilson are provided with combinations of mir- 
rors of these types, which have proved of immense 
value. The recent work of Dr. Abbot, of the Smith- 
sonian Institution, in measuring the radiation from 
stars throughout a wide range of spectrum, and the 
application of a spectroscope fifteen feet long to the 
analysis of the light of the brighter stars, would have 
been quite impossible without the use of fixed instru- 
ments under laboratory conditions. In the case of 
the 200-inch telescope a Cassegrainian combination is 
planned which will give an equivalent focal length of 
ten times the aperture of the mirror, or about 167 
feet. The corresponding coudé arrangement will give 
double this length, or 333 feet. The importance of 
the use’ of the telescope in the coudé form will be 
recognized by making provision for two laboratories, 
one north and the other south of the instrument, so 
that stars in all parts of the sky may be observed 
equally well. 

_ The type of mounting to be adopted for this great 
instrument is still quite free for consideration. If 
feasible, the type of open fork, similar to that used 
for the 60-inch reflector on Mount Wilson, is highly 
desirable, since this makes it possible to reach stars 
near the north pole, and insures compactness and sta- 
bility in the structural features of the telescope. Es- 
Pecial attention will be given to the rigidity of the 
tube in order that it may be equal to any demands 
made upon it by massive instruments, such as a forty 
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or fifty-foot interferometer, or a large spectrograph 
placed at the primary focus. The comparatively 
short length of the tube, which will be about twenty 
feet in diameter, will assist greatly in its rigid con- 
struction, and the advances of recent years in the 
manufacture of very large roller and ball bearings 
should make the support of the tube and polar axis an 
engineering problem of no serious difficulty. 

The question of greatest interest and importance in 
connection with the project of the 200-inch telescope 
is that of the material of which the large mirror 
should be made. All existing reflectors of any con- 
siderable size which are in active use have glass mir- 
rors, silvered, of course, on the front surface. Such 
mirrors have certain great advantages. Glass may be 
figured easily and takes a high polish; it is permanent 
in character and not unduly heavy, and the silver film 
may be removed readily and replaced whenever tar- 
nish affects its reflecting power. Glass, however, has 
two very serious drawbacks. It is a poor conductor 
of heat, and its expansion or contraction with change 
of temperature, although not great, is very appre- 
ciable. 

Now, the degree of accuracy necessary in the sur- 
face of a mirror intended to give the finest astronomi- 
eal images is very high. No area can be much more 
than one 500,000th of an inch higher or lower than 
other portions of the mirror without affecting the 
quality of its definition. In other words, it must have 
a perfect figure of revolution to within this limit. As 
a result, the final stages of polishing a large mirror in 
the optical shop are slow and difficult, requiring great 
eare and very nearly constant conditions of tempera- 
ture. Troublesome as this process is, it is quite pos- 
sible to carry it out successfully under conditions 
which may be controlled. But when the mirror is in 
use in the telescope the situation is very different. 
The front surface must of necessity be exposed di- 
rectly to the night air, and since glass conducts heat 
very slowly the result under ordinary conditions is 
that a thin film of glass at the surface and edges of 
the mirror becomes chilled, while the interior remains 
at a higher temperature. As a consequence the mirror 
is very likely to become slightly distorted and to give 
images which are no longer round, but elongated or 
unsymmetrical. If the change in temperature to 
which the mirror is subjected is not large this effect 
disappears within a few hours, but if the temperature 
between two successive nights shows a considerable 
difference a very large mirror may show a distorted 
figure throughout an entire night. The effect of the 
range of temperature between night and day may be 
largely eliminated by keeping the mirror tightly closed 
during the daytime in a well-insulated cover, as is 
done in the case of the 100-inch reflector on Mount 
Wilson, but there is no means of guarding against the 
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effect of an abrupt change in temperature between 
suceessive nights. It is evident that this difficulty be- 
comes more serious the larger the mirror, since the 
mass of glass to be equalized in temperature is then 
- greater. 

The ideal solution of the problem is clearly one of 
finding a material which expands or contracts very 
little with changes of temperature. Such a material 
is fused silica or quartz, for which the amount of ex- 
pansion with a change of one degree is about six ten 
millionths of its length, or one fifteenth that of glass. 
As a result a rod of fused quartz may be heated red- 
hot and plunged into water without breaking. A 
quartz mirror, accordingly, shows practically no 
change of figure under any ordinary range of tem- 
perature, and retains its shape even when exposed to 
the heat of the sun. Although harder than glass, 
quartz presents no serious difficulties to the optician, 
and excellent mirrors of small size are in use at many 
observatories and laboratories. 

The problem of making very large disks of fused 
quartz is now under investigation by the General 
Electrie Company, which has given much attention to 
the development of methods for the manufacture of 
this material for commercial purposes. The chief dif- 
ficulty which is encountered arises from the high tem- 
perature necessary to melt quartz sand, about 1,450° 
C., and the viscosity of the material even at this high 
temperature. For these reasons it would be extremely 
diffieult, if not impossible, to east large disks of uni- 
form transparent quartz in molds as is done in the 
ease of glass. Since it is not at all necessary, how- 
ever, that the greater part of the mirror be homogene- 
ous or free from air bubbles or other defects, a 
method of casting a rough disk to serve as the body of 
the mirror and coating the front surface with a thin 
layer of fine transparent quartz which may be figured 
optically, is being developed with excellent prospects 
of success. The method has so far been used only for 
disks two feet or less in diameter, but there appears 
to be no serious obstacle in the way of applying it to 
disks of any size. The telescope will require two 
auxiliary convex mirrors sixty inches in diameter, and 
the construction of these disks will afford an excellent 
opportunity to test the method fully before work is 
commenced on the 200-ineh disk itself. 

It wiil perhaps be of interest at this point to sum- 
marize our diseussion and attempt to visualize the 
type of instrument which, provisionally at least, we 
are designing. The large fused quartz mirror, nearly 
seventeen feet in diameter and weighing between 
twenty-five and thirty tons, will be placed in a tube 
abcut sixty feet long, which will itself be hung in an 
open fork of massive steel construction. Provision 
will be made for observations at the primary focus at 
a distance of fifty-five feet from the large mirror, 
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both in the center of the tube with but a single re- 
flection, and at the side of the tube in the usual New- 
tonian form with an additional reflection from a plane 
mirror. Much of the direct photography, most of the 
measurements of the heat of stars and planets, and 
spectroseopie observations in ultra-violet light or on 
very faint stars will be carried on at this focus. 

In the Cassegrainian form of the telescope the light 
will be returned by a convex mirror, which replaces 
the Newtonian plane mirror at the upper end of the 
tube, through an opening in the center of the large 
mirror to a focus just below its rear surface. At this 
point, at which the telescope has an equivalent focal 
length of 167 feet, and an angular convergence of the 
beam of light of one in ten, a large part of the spec- 
troseopic work will be carried on, as well as lunar 
and planetary photography which requires high mag- 
nification. The image of the moon at this focus will 
be nearly eighteen inches in diameter. 

The telescope when used in the eoudé form will 
have an equivalent foeal length of 333 feet. In this 
case the beam of light coming from a convex mirror 
at the upper end of the tube will be reflected by a 
plane mirror placed at the center of rotation of the 
telescope, and directed in either a north or south di- 
rection into suitable laboratory rooms. Large ac- 
cessory instruments, such as powerful long-foeus spec- 
trographs, and apparatus which must be used in a 
fixed position, such as radiometers and instruments of 
similar type, will be mounted in these laboratories. 
The possibility of controlling the temperature accu- 
rately over long intervals of time and the absence of 
flexure in the apparatus make this form of the tele- 
scope especially desirable for detailed studies of the 
spectral characteristics and the spectral radiation of 
the brighter stars. The very long focal length should 
also prove of great value at times of the finest ob- 
serving conditions, in studies of close double stars or 
details of the surface of the moon or planets. 

The entire telescope will be enclosed in a steel build- 
ing with double walls to reduce the daily range of 
temperature. The rotating portion may be either a 
hemispherical dome of the usual type, or cylindrical 
in shape, forming a continuation of the ‘fixed part of 
the building. The latter would afford considerable 
advantages in connection with the powerful cranes 
necessary for adapting the telescope from one to an- 
other of its three different forms: The building will 
be of the order of 150 feet in diameter, and not far 
from 150 feet high, with the telescope mounted on @ 
pier some fifty feet above the ground. 

A most fundamental question in connection with the 
entire project of the 200-inch telescope is its location. 
If we disregard for the moment the underlying prin- 
ciple of the entire plan, that it be within convenient 
aecess of the group of scientific men at the California 
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Institute and the Mount Wilson Observatory, and 
reason in a general way on the most favorable site 
we encounter some interesting considerations. The 
astronomer working outward through the ocean of the 
earth’s atmosphere finds three serious difficulties. The 
first, to which reference has already been made, is the 
loss of light due to absorption and scattering in the 
atmosphere. The second is the definite limit set by it 
to ultra-violet radiation, the air absorbing completely 
all light of wave-length shorter than a fixed amount. 
Third, and most serious of all, the atmosphere intro- 
duces a blurring and lack of definition into his tele- 
scopic images which impairs the accuracy of measure- 
ment, conceals the finer details of the surface of the 
sun or planets, and by spreading out the light reduces 
greatly the limiting brightness of the faintest star he 
ean see with his eye or photograph on his plate. This 
quality of the images of celestial objects as affected 
by the earth’s atmosphere, which astronomers for 
brevity call “seeing,” is the most important considera- 
tion in the location of any large observatory. Good 
seeing is far more vital than transparency of the air, 
or, within reasonable limits, even than clearness of the 
sky. Except in one or two special lines of work, few 
astronomical results of value.can be obtained when 
the images given by the telescope are poor and ill- 
defined. 

The cause of so-called “poor seeing” is easy to 
understand. Light in passing through the atmosphere 
is refracted or bent, and the amount of this bending 
varies with the temperature and density of the air. 
Consequently, when masses of air of different tem- 
peratures or densities pass rapidly in front of a tele- 
scope they refract the light of a star by different 
amounts, and the combined result is a quivering and 
blurring of the star’s image and the obliteration of 
planetary or lunar details. The twinkling of stars 
when seen with the naked eye is a familiar illustra- 
tion of this effect, and extreme cases may be seen on 
any summer day in the desert where the heated air 
rising from the sands produces grotesque distortions 
of distant objects. The length of these air-waves 
varies greatly, and their effect on the image in the 
telescope varies accordingly. When the waves are 
short, so that several are in front of the teleseope at 
the same time, they produce a greatly enlarged blurred 
image. When the waves are long as compared with 
the aperture of the telescope, the result is a bodily 
displacement of the star’s image without any great 
change in size. As a rule, however, both effects are 
present at the same time, and it is clear that the in- 
fluence of these air-waves is greater the larger the 
aperture of the telescope. 

Our knowledge of the conditions which produce 
the best definition of images in the telescope is very 
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imperfect, and must necessarily remain so to some 
extent since we can know little of what takes place 


in the upper portions of the earth’s atmosphere. At 
the same time, experience has shown that influences 
such as local weather conditions, wind and tempera- 
ture range, and local topography are extremely im- 
portant factors in affecting the seeing, and it seems 
probable that the lower levels of the atmosphere 
within a few miles of the earth’s surface are those 
which are chiefly concerned with the effects we ob- 
serve. From these considerations, and as a result of 
the experience of observers in many parts of the 
world, it is clear that the most favorable site for a 
telescope should be in a region in which the atmos- 
pherie conditions are very uniform, where abrupt 
changes of weather are infrequent and where the 
average wind-velocity is low. Such conditions are 
probably most nearly fulfilled in those portions of 
the zones of the earth’s surface lying between lati- 
tudes 30° and 35°, within which the so-called “Med- 
iterranean” type of climate prevails. This climate is 
characterized by wet and dry seasons, with a long, 
nearly uninterrupted period of clear skies followed by 
a shorter period of unsettled weather with moderate 
or low precipitation. 

Speaking in general, therefore, the most advan- 
tageous location, so far as our present knowledge ex- 
tends, would lie in a region having the Mediterranean 
type of climate, at an elevation sufficient to be above 
the fogs and haze of the lower strata of the atmos- 
phere, but not so high as to be subject to the intense 
cold and strong winds of the loftiest mountains. A 
height of some 4,000 to 8,000 feet has been found to 
meet these conditions adequately. In the high veldt 
eountry of South Africa, in some of the countries 
bordering the Mediterranean Sea and in the extreme 
southwestern portion of the United States, including 
Central and Southern California and a part of Ari- 
zona, are probably the best locations which astrono- 
mers at present know for the most efficient operation 
of a large instrument. The long periods of continu- 
ous clear sky, the mountains and high plateaus with 
forests and other ground coverage sufficient to reduce 
radiation from the soil, the rare occurrence of high 
winds, freedom from extremes of temperature, and, 
finally, a latitude from which about three fourths of 
the entire sky may be observed satisfactorily, combine 
to give these areas advantages beyond those of any 
we know. Many years of experience on the part of 
the astronomers at the Lick, Mount Wilson and 
Lowell observatories, and at the Union and other 
observatories in South Africa, afford strong evidence 
for the accuracy of these conclusions. 

In recognition of the extreme importance of the 
question of location, the California Institute and 
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the Mount Wilson Observatory are carrying on ex- 
tensive investigations in Southern California and 
Arizona, and the definite selection of a site may be 
postponed for as much as two or three years. During 
this time observers equipped with similar telescopes 
will carry on observations based on a quantitative 
seale of seeing at numerous points within a radius 
of some hundreds of miles of Pasadena. A great 
variety of stations will be tried at altitudes ranging 
upward from 4,000 feet, some in the mountain range 
near Mount Wilson, others on the edge of the Mojave 
Desert and still others on isolated mountains, or on 
the plateau area of northern Arizona. An especial 
attempt will be made to secure simultaneous observa- 
tions at most of the stations, and all of the results 
will finally be compared with one another, and with 
the concurrent records available from the Lowell and 
Mount Wilson observatories. So little is known re- 
garding many of the variables which enter into the 
question of night seeing, such as the effect of near- 
ness to the desert or the ocean, the direction of the 
wind, the local configuration of the ground, the alti- 
tude of the station and the extent of the daily range 
of temperature, to mention but a few of the many 
conditions involved, that an investigation of this 
character would be well worth the labor and time 
required, even were the results not to find immediate 
application to the location of the 200-inch telescope. 

Any consideration of the uses and possibilities of 
this great instrument must distinguish between the 
types of research in which important advances can 
readily be predicted, and new types which will de- 
velop as a result of its great size, massiveness and 
light-gathering power. When the 100-inch reflector 
on Mount Wilson was designed, no one could foresee 
that by means of a twenty-foot interferometer beam 
placed across the end of its tube the first measurement 
of the diameter of a star would be successfully carried 
out. In the case of the new telescope it seems reason- 
able to predict that the brightness of the stellar and 
planetary images formed by the 200-inch mirror will 
make it possible to apply methods and instruments 
of analysis which hitherto have been limited to the 
sun or to bright sources of light in the physical lab- 
oratory. The possibilities in such directions form a 
most interesting field of study, both for the physicist 
and the physical astronomer. 

Of the numerous lines of investigation in which we 
can feel certain that the 200-inch telescope will extend 
our knowledge greatly, I shall speak in detail of 
only three. There are others quite as important to 
which but a mere reference can be made. For ex- 
ample, there can be little doubt that the new instru- 
‘ment will add some hundreds of millions to the number 
of stars within our own universe which can be photo- 
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graphed and measured for brightness. It is already 
known that the stars of our system, estimated at 
some thirty billion in number, are not equally scat- 
tered in space, but thin out with increasing distance, 
least rapidly in the direction of the Milky Way, and 
most rapidly at right angles to it. The increased 
light-gathering power of the 200-inch reflector will 
carry us much nearer to the boundaries of our system, 
and greatly improve and extend our knowledge of the 
character, extent and constitution of this island uni- 
verse of which our sun forms an insignificant, but 
to us, all-important member. 

The application of the new instrument to the 
analysis of the light of faint stars will prove of im- 
mense value. The spectrum of a star gives us in- 
formation not only regarding its constitution and 
surface temperature, but also regarding its motion, 
its distance, its total luminosity and the physical state 
of the matter composing it. At present it is a dif- 


ficult undertaking with existing instruments to photo- 


graph the spectrum of a star 1,000 times as bright 
as the limiting brightness of stars which may be seen 
on direct photographs of the sky. The great increase 
in light-gathering power of the new instrument will 
aid especially in the solution of the problem of the 
motion of our universe of stars as a whole, of the 
individual motions of stars and groups of stars within 
it, in the study of the great aggregations of stars seen 
in the globular clusters, and in furthering our knowl- 
edge of the faint stars which are among our nearest 
neighbors in the sky, and which probably represent 
suns nearing the final stages of their life. 

It is in the field of nebular research that the 200- 
inch telescope will find perhaps its richest field of 
investigation, since the largest of existing instruments 
have been able to make only a beginning on the great 
problems involved in the study of the bright spiral 
nebulae outside of our galaxy of stars. These im- 
mense systems of stars form the most conspicuous 
examples of a sequence of structural forms, appa- 
rently genetic in character, which includes all the 
spiral, elliptical and globular nebulae, Their total 
number is enormous, a million or more being within 
reach of the 100-inch reflector, with the probability 
that the 200-inch will increase this number several 
fold. In some five or six of these objects Hubble 
has been able with the aid of the 100-inch telescope 
to resolve a part of the nebulosity into individual 
stars. Among these he has succeeded in identifiying 
some as variable stars of the type known as Cepheids. 
The application of the method developed by Shapley 
for the determination of the luminosity of such stars 
then leads directly to values of the distances and 
dimensions of the nebulae in which they oceur. In 
this way the distance of the Andromeda nebula has 
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been found to be 870,000 light-years, or about 5 x 10'® 
miles, and its diameter approximately 45,000 light- 
years. The light which it gives out is about a billion 
and a half times the light of our sun, and its mass 
is probably five hundred million to a billion times 
as great. In other words, it is a huge universe of 
stars comparable to, but somewhat smaller than our 
own. 

The Andromeda nebula is one of the two largest 
and presumably nearest of the spiral nebulae. Among 
the millions of other spirals only three or four more 
ean be studied in a similar way with existing tele- 
scopes. The assumption, then, that the fainter, 
smaller nebulae are similar systems but more distant 
in proportion to their faintness, although partially 
justified on independent grounds, rests on a slender 
foundation—our knowledge of stars of known types 
in half a dozen of the nearest systems. The new 
reflector will add very greatly to these meager results. 
A conservative estimate is that it will furnish reliable 
distances for twenty-five or thirty nebulae, instead of 
the present five or six, and less accurate values, but 
sufficient for statistical purposes, for possibly two 
hundred more. Provided with representative material 
of this quality and extent the astronomer can venture 
upon the exploration of more distant space with a 
new order of confidence. From our present knowl- 
edge it seems probable that the 200-inch telescope will 
show nebulae of average size and brightness out to a 
distance of the order of 400,000,000 light-years, a 
minute but appreciable fraction of the finite universe 
postulated from the theory of generalized relativity. 

The new reflector should contribute equally to the 
important question of the natural history of the 
stellar systems which we now recognize in the spiral 
nebulae. The stars observed in the nebulae will throw 
light on the physical conditions present in what, we 
have some reason to believe, is their place of origin; 
and we may thus find in the observed sequence of 
nebular forms the past history of our own stellar 
system. 

When we pass to a consideration of the applica- 
tion of the 200-inch reflector to the analysis of the 
light of stars, we come to a field of remarkable possi- 
bilities. Spectrum analysis is no longer a subject of 
purely empirical investigation. The number, distribu- 
tion and intensity of the spectral lines are a sure index 
of the physical conditions under which atoms exist 
in the laboratory or in a star, and the interpretation 
of observational results has acquired a sound and 
rational basis. We know, for example, why stars of 


different temperatures show different spectral lines, 
although the material composing the stars is the same; 
why in stars at the same temperature but of different 
densities many of the spectral lines behave very dif- 
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ferently; how the relative intensities of certain lines 
may be used to determine the luminosities, and so the 
distances of stars; and how it is possible for matter 
to exist with densities several thousand times that of 
the heaviest element we know upon the earth, and, 
again, at the inconceivably low densities found in the 
planetary nebulae or the atmospheres of giant stars. 
The discovery by Bowen that the unidentified lines in 
the spectra of gaseous nebulae, long thought to be due 
to an unknown element, are produced by atoms of 
oxygen and nitrogen radiating under conditions we 
have been unable to duplicate in the laboratory, is 
a remarkable illustration of the value of physical 
theory as applied to the stars. 

The messages contained in the spectra of stars ean, 
however, be fully and adequately interpreted only if 
these are photographed on avery large scale, such that 
the thousands of individual lines in the more compli- 
eated spectra are completely separated. To do this 
requires a very bright image and hence a very large. 
telescope. A few of the brighter stars have already 
been studied in this way with a powerful spectrograph 
and the 100-inch reflector on Mount Wilson, and the 
resulting spectra form a mine of the most valuable 
information. They have provided a new method for 
finding the temperatures of stars, for studying the dis- 
tribution of atoms in their different states in siellar 
atmospheres and for sounding the levels of these 
atmospheres throughout their depths. Almost equally 
valuable is the possibility which such spectra afford 
of determining the motions of stars with a high degree 
of precision and of investigating the ebb and flow in 
the enormous atmospheres of the pulsating giant 
stars, some of which are hundreds of millions of miles 
in diameter. There is no field of investigation to 
which the great light-gathering power of the 200-inch 
telescope will make a more direct or vital contribu- 
tion. It will multiply by at least five the number of 
stars whose spectra can be studied in this way, thus 
giving us material from nearly every spectral type 
and division, and in the ease of the brightest stars it 
will enable us to apply spectrographs of a power 
never before used on any celestial objects except the 
sun. 

A field of investigation of unusual interest both to 
the scientist and the layman is the measurement of the 
heat of stars and of the temperatures of the surfaces 
of the moon and planets. Heat-measuring devices 
have been developed by physicists to such an extraor- 
dinary standard of sensitiveness that changes of tem- 
perature amounting to a millionth of a degree can 
easily be recorded and accurately measured. With the 
aid of a large telescope they are capable of detecting 
the heat from a candle flame at a distance of 100 
miles. Some of these devices depend on the fact that 
heat applied to the junction of two strips of different 
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metals in contact with one another produces an elec- 
tric current which may be measured with a delicate 
galvanometer; others make use of the change of re- 
sistance of fine platinum wire with temperature, so 
that the amount of current flowing through it is modi- 
fied by the application of heat; in still others, a deli- 
cate radiometer vane is suspended by a fine quartz 
fiber, and the reaction of the molecules of gas in con- 
tact with the vane when it is warmed turn it about its 
axis away from the direction of the radiant source. 
All of these types of instruments have been used in 
recent years with great success by astronomers, espe- 
eially at the Lowell and Mount Wilson observatories, 
and the amount of radiated heat has been measured 
for nearly 150 individual stars. These results are of 
fundamental importance to all theories of stellar con- 
stitution and radiation. 

The contribution of the 200-inch telescope to prog- 
ress in this field will undoubtedly be very great. The 
surface of the large mirror, nearly 240 square feet in 
area, will collect and bring within the range of mea- 
surement stars at least five to ten times fainter than 
ean be studied at present, and so will multiply the 
total number many times. It will also make it pos- 
sible in the case of the brighter stars to extend and 
make more accurate the skilful work of Abbot in mea- 
suring the radiation throughout all parts of the spec- 
trum. Finally, it should enable us to gain a very 
accurate knowledge of the temperatures of different 
parts of the lunar and planetary surfaces, and the 
rate of change of temperature during the planet’s day 
and night. In Russell’s phrase, the 200-inch telescope 
should provide us with a “weather map of Mars,” and 
it is probably on such reeords rather than on direct 
observations that speculations regarding the possibil- 
ity of life on the planets must find a logical basis for 
diseussion. 

With all the far-reaching and definite advances in 
knowledge which we can foresee for this great instru- 
ment, the appeal which it makes to the imagination is 
still one of its most valuable indirect contributions. 
A few weeks ago a small spiral nebula near one of 
the poles of the Milky Way was observed with the 
100-inch reflector on Mount Wilson. It is very faint 
and probably one of the most distant objects within 
the range of present telescopes. It was found to be 
moving away from the earth at the amazing rate of 
nearly 2,500 miles a second, nearly double the velocity 
of any cosmical object so far observed. The possibili- 
ties of what the new telescope may discover in these 
inconeceivably remote regions of space, under what 
strange forms matter may exist in some of the stars 
it will reveal to us, what it will tell us of the develop- 
ment and motions of the outer universes, and of space 
and time and gravitation, are all speculations for the 
future. But they can not fail to stir the mind and 
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imagination, and it is to the trained imagination of 
scientific men in every generation that science has 
owed her greatest advances. 


Water S. Apams 
MOUNT WILSON OBSERVATORY 





SCIENTIFIC EVENTS 


MEDALLISTS OF THE ROYAL SOCIETY 


At the anniversary meeting of the Royal Society 
on November 30, the medals were presented. There 
is here abridged from Nature the descriptions of the 
work of the medallists, as stated when the medals 
were conferred by the president of the society, Sir 
Ernest Rutherford. 


Tue Copley MEDAL To Str CHARLES PARSONS 


In the world of mechanical engineering the genius of 
Charles Parsons has opened up a new era. He has 
originated and developed a new type of thermal engine 
entirely flexible and adaptable, and eapable of high effi- 
ciency combined with concentration of power never even 
imagined before. By continuous practical effort for the 
past forty-five years, aided by remarkable mathematical 
insight aequired in his university days, he has perfected 
the parallel-flow compound steam turbine, and has applied 
it successfully to electrie generation and to marine pro- 
pulsion, both attaining to an unprecedented scale. While 
the utilization of heat in the best triple-expansion 
reciprocating steam engine amounts to 17 per cent. of 
the whole, the Parsons’ large central station turbines 
now convert 25 per cent. into mechanical power, and in 
still larger turbines 28 per cent. is anticipated. The 
first steam turbine of 4 kilowatts was used in 1885 for 
electric lighting; at present, turbines of 20,000 and 
30,000 kilowatts are in operation. The application to 
marine propulsion was signalized in 1897 by the appear- 
ance of the Turbinia, a small experimental craft develop- 
ing the extraordinary speed of 33 knots. Large turbine- 
driven destroyers for the Navy rapidly followed, and now 
all large high-speed liners are turbine driven. 


Tue RuMForD MEDAL TO PROFESSOR FRIEDRICH PASCHEN 


Professor Paschen is especially distinguished for his 
practical and theoretical contributions to spectroscopy. 
He early acquired remarkable skill in the investigation 
of infra-red radiation and made valuable determinations 
of the distribution of energy in the spectrum of a black 
body, giving the first experimental proof of the law that 
the frequency of maximum energy is proportional to the 
absolute temperature. He afterwards made numerous 
observations of the infra-red emission spectra of various 
elements, which were of fundamental importance for the 
development of our knowledge of series in spectra, and 
afterwards for the theory of spectra in relation to atomic 
structure. He has also contributed in a notable degree 
to the precise measurement and series classification of 
spectrum lines in general; he has long been one of the 
foremost workers on the Zeeman effect, and the results 
which he has obtained, including the discovery of the 








January 4, 1929] 





well-known Paschen-Back effect, have been invaluable for 
theoretical discussions. 


A Royal MEDAL TO ProressoR ARTHUR STANLEY 
EDDINGTON 

Professor Eddington’s contributions to knowledge 
within the past ten years have been mainly in connection 
with the internal constitution of stars and with the gen- 
eralized theory of relativity. He has formulated a com- 
plete theory of the internal structure of a star, assumed 
to be a non-rotating whirl of atoms and electrons, with 
radiation gradually forcing its way to the surface; 
further, he pointed out that the masses of stars, which 
are found by observation not to vary greatly, ranged 
about the point where radiation pressure balances gravi- 
tation. Later, he obtained a theoretical relation between 
the mass and absolute luminosity of giant stars. In con- 
nection with the theory of relativity, he conducted in 
1919 one of the two eclipse expeditions which verified 
the deflection of light rays. He also developed the 
theory, to a certain extent on the philosophical side, but 
considerably on the analytical side, especially with 
regard to the electromagnetic and gravitational fields. 


A RoyaL MEDAL To Dr. Ropert Broom 
During the course of thirty-three years’ search in 
Australia and South Africa, Dr. Broom has made a very 
large number of important discoveries in vertebrate 
paleontology, embryology and morphology that shed 
new light upon the problems of the origin of mammals, 
lizards, crocodiles, and birds. His researches represent 


the most significant contribution made by any one inves- - 


tigator to the determination of the relationships of the 
main groups of vertebrate animals and to the definition 
and solution of the problems involved in the evolution of 
the higher groups. 


THe Davy MEDAL TO PROFESSOR FREDERICK GEORGE 
DoNNAN 

Professor Donnan is, like his master, van’t Hoff, a 
man of ideas. Early in his scientific career he wrote on 
the nature of soap emulsions and on the theory of capil- 
larity and colloidal solutions. His theory of membrane 
equilibrium and membrane potential is an achievement 
of the first rank, and has been the starting-point of 
numerous studies not only in the domain of pure chem- 
istry, but more especially in biochemistry, where the 
conditions for displaying the phenomena he predicted 
are often encountered. His researches on surface tension 
and absorption at liquid-liquid interfaces have led to 
results of the greatest interest, and his verification by 
means of nonylic acid of the Gibbs’ absorption formula 
18 4 most brilliant experimental conception. 


THE DARWIN MEDAL TO Dr. LEONARD COCKAYNE 

A true naturalist, Dr. Cockayne has waited patiently 
upon facts before drawing conclusions. For more than 
thirty years he has made it his task to deepen and widen 
our knowledge of New Zealand botany in the broadest 
Sense. He is one of the foremost living students of 
Plant-association; the taxonomic studies rendered neces- 
sary by his ecological results have led to those remark- 
able discoveries of natural hybrids in New Zealand that 
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have won for him a world-wide reputation and have made 
on modern thought an impression akin to that produced 
by the results of Darwin’s studies of plants under domes- 
tication. Dr. Cockayne’s researches have had, on silvi- 
cultural and agricultural procedure, a practical bearing 
which has been appreciated by, and has influenced the 
policy of, New Zealand statesmen. 


THE SYLVESTER MEDAL TO PROFESSOR WILLIAM HENRY 
YOuNG 

Dr. W. H. Young has taken a very prominent part in 
the development of the modern theory of functions of 
real variables, and in its application to the theory of 
Fourier’s and other series. His earlier work dealt chiefly 
with the theory of sets of points, and contains important 
developments on the lines laid down by G. Cantor and 
Harnack. He soon proceeded to apply this theory in the 
integral calculus, and he obtained a general definition of 
the integral which is essentially equivalent to, although 
somewhat less simple in form, that given about the same 
time by H, Lebesgue, which latter has become a corner- 
stone of modern analysis. Much of Dr. Young’s work has 
proved to be a starting-point for further investigations 
by other mathematicians. By means of his conception 
of restricted Fourier’s series he was enabled to devise 
a method by which conditions of convergence, summabil- 
ity, ete., known to hold good for Fourier’s series, could 
be carried over to series of Legendre’s and Bessel’s 
functions. 


THE HueHes MepAL To M. Le Duc DE BRoGiiz 

Maurice Francois César, Due de Broglie, is distin- 
guished especially for his pioneer researches on X-ray 
spectra and secondary f-rays. He was one of the first 
to obtain the complete emission spectrum of X-rays and 
to study X-ray absorption spectra, while his work on the 
magnetic spectrum of the f-rays, arising from the 
passage of X-rays through matter, has proved of great 
importance. He founded in Paris a private laboratory 
directed by himself, which is devoted to researches on 
X-rays and allied subjects. 


GRANTS IN SUPPORT OF RESEARCH ON 
THE EFFECTS OF RADIATIONS 
UPON ORGANISMS 


Ar the meeting of the Division of Biology and Agri- 
culture of the National Research Council, held in 
April, 1928, a group of investigators’ requested ap- 
proval by this division of an attempt to obtain funds 
in support of studies on the “Effects of Radiations 
upon Organisms.” 

This project was endorsed by the division and a 
general committee and a sub-committee on solicitation 


1 These individuals were: Edgar Altenburg, H. J. 
Bagg, A. F. Blakeslee, W. C. Curtis, A. U. Desjardins, 
C. Stuart Gager, T. H. Goodspeed, Robert F. Hance, 
F. B. Hanson, E. E. Just, Henry Laurens, C. C. Little, 
J. W. Mavor, H. J. Muller, Charles Packard, W. J. Rob- 
bins, Herman Schneider, George Sperti, L. J. Stadler, 
Alexander Weinstein, P. H. Whiting. 
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of funds were immediately appointed, and, later, a 
sub-committee on allotment of grants.? 

Generous response has been met in the early solici- 
tations and the committee is able to announce that two 
contributions of $12,500 each have been received from 
the Commonwealth Fund and from the General Edu- 
eation Board. These contributions will be repeated 
annually for a period of five years, if satisfactory 
progress can be made in the support of these investi- 
gations. Contributions of other funds have been re- 
ceived from manufacturers and also of apparatus, 
such as X-ray and ultra-violet equipment, and of the 
joan of radium, totaling in value about $40,000. It is 
expected that additional donations will be received. 
These contributions from manufacturers will be listed 
in a later announcement by the committee. 

As these funds are now available, investigators, who 
have worked in this field or who have peculiar qualifi- 
eations for such research, are invited to present re- 
quests for support not later than March 1, 1929, for 
the period ending May 31, 1930. Application blanks 
may be obtained about February 1. 

The general conditions under which grants of money 
or apparatus will be made were stated as follows in 
the proposal approved in April, 1928, by the Research 
Council: 

I. To be eligible for consideration, an investigator 
must present evidence, either in the form of pub- 
lished papers or otherwise, that he has a problem 
well in hand or he must have obvious qualifications 
to undertake such research. He must also satisfy 
the committee that his institution is furnishing 
reasonable support and equipment for general pur- 
poses if not the special features of this work. 
Time available for the research will be a considera- 
tion, particularly in the case of individuals en- 
gaged in teaching. 

Il. The items for which a grant may be expended will 

include: 

(a) Salaries of research assistants, technicians, 
clerical assistants, and others who may be em- 
ployed in the prosecution of any such investiga- 
T2100. 

(b) Purchase of materials, instruments, equip- 
ment, ete., such as might not be expected in a lab- 
oratory with good general equipment. 

(e) Any other assistance, exclusive of the in- 
vestigator’s salary, which any project legitimately 


2 The personnel of these committees includes: General 
Committee, W. C. Curtis (Chairman), L. L. Woodruff, 
nd D. H. Tennent; Sub-committee on Solicitation of 
Funds, W. C. Curtis (Chairman), C. C. Little, Herman 
Schneider, William Crocker, and L. L. Woodruff; Sub- 
committee on Allotment of Grants, D. H. Tennent 
(Chairman), G. H. Parker, H. 8. Jennings, C. E. Allen, 
W. C. Curtis. 
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requires. Under this_head a limited amount may 
be spent for traveling expenses by the investigator, 

(d) The investigator’s salary will be paid in 
full by his institution, which will thus contribute 
by the time the individual is allowed for research 
as well as by the genera] facilities of a well- 
equipped laboratory. In some instances, however, 
it may be possible to allow men on sabbatical 


half-pay a balance on salary account, not to exceed 
$2,500 for a twelve-month period, 


It is therefore intended that the institution in which 
the investigator is working shall do its share. The 
committee hopes to encourage research in smaller in- 
stitutions and departments, as well as to support work 
in the largest and best equipped universities and re- 
search institutes. 

More explicit statement of policy can not be made 
at the present time. All communications should be 
addressed to the Division of Biology and Agriculture, 
National Research Council, B and 21 Streets, Wash- 


dane W. C. Curtis, Chairman 


General Committee on Radiation 


OFFICERS OF THE AMERICAN ASSOCIA- 
TION FOR THE ADVANCEMENT OF | 
SCIENCE 


Fut reports of the New York meeting of the 
American Association and the Associated Societies 
will be printed in ScreNcE as soon as they can be pre- 
pared by the permanent secretary. The officers elected 
were as follows: 

PRESIDENT 

Robert A. Millikan, director of the Norman Bridge 

Laboratory, the California Institute of Technology. 


VICE-PRESIDENTS 

Section A—E. T. Bell, professor of mathematics, Cali- 
fornia Institute of Technology. 

Section B—C. E. Mendenhall, professor of physics, 
University of Wisconsin. 

Section C—S. C. Lind, director of the school of chem- 
istry, University of Minnesota. 

Section D—Harlow Shapley, professor of astronomy, 
Harvard University, and director of the Harvard College 
Observatory. 

Section E—G. F. Kay, professor and head of the de 
partment of geology and dean of the college of liberal 
arts, University of Iowa. 

Section F—C. M. Child, professor of zoology, Univer- 
sity of Chicago. 

Section G—J. Arthur Harris, head of the department 
of botany, University of Minnesota. 

Section H—A. V. Kidder, Phillips Academy. 

Section I—Madison Bentley, professor of psychology, 
Cornell University. 

Section K—H. L. Rietz, professor of mathematics, the 
State University of Iowa. 


of 
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Section L—Henry O. Taylor, New York City. 
Section M—H. F. Moore, professor of engineering 
materials, University of Illinois. 

Section N—Ludwig Hektoen, head of the department 
of pathology of the University of Chicago, and director 
of the McCormick Institute for Infectious Diseases. 

Section O—M. F. Miller, professor of soils, University 
of Missouri. 

Section Q—Frank N. Freeman, professor of educational 
psychology, University of Chicago. 


SECRETARIES OF SECTIONS 


Section A—Charles N. Moore, professor of mathe- 
matics, University of Cincinnati. 

Section B—A. Ll. Hughes, professor of physics, Wash- 
ington University. 

Section C—R. R. Renshaw, professor of organic chem- 
istry, New York University. 

Section D—Philip Fox, professor of astronomy, North- 
western University, and director of the Dearborn Obser- 
vatory. 

Section E—Kirtley F. Mather, professor of geology, 
Harvard University. 

Section F—George T. Hargitt, professor of zoology, 
Syracuse University. 

Section G—Sam F. Trelease, associate professor of 
plant physiology, Columbia University. 

Section H—C. H. Danforth, professor of anatomy, 
Stanford University. 

Section I—Edward 8S. Robinson, professor of psy- 
chology, Yale University. 

Section K—C. F. Roos, Cornell University. 

Section L—Leonard Bloomfield, professor of Germanic 
philology, University of Chicago (linguistics); Joseph 
Mayer, professor of economics and sociology, Tufts Col- 
lege (history). 

Section M—N. H. Heck, chief of the division of ter- 
restrial magnetism and seismology of the U. 8S. Coast 
and Geodetic Survey. 

Section N—E. V. Cowdry, Medical School, Washington 
University. 

Section O—P. E. Brown, professor of soils, Iowa State 
College. 

Section Q—W. L. Uhl, professor of education, Univer- 
sity of Washington. 


GENERAL SECRETARY 
Frank R. Lillie, professor of zoology, University of 
Chicago. 
PERMANENT SECRETARY 


Burton E. Livingston, professor of plant physiology, 
the Johns Hopkins University. 


TREASURER 
John L. Wirt, Carnegie Institution of Washington. 


AUDITOR 


Lyman J. Briggs, physicist and chief of the division 
of mechanies and sound, Bureau of Standards. 
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MEMBERS OF THE COUNCIL 


L. O. Howard, U. 8S. Department of Agriculture; D. T. 
MacDougal, director of the laboratory of plant physi- 
ology, Carnegie Institution. 


MEMBERS OF EXECUTIVE COMMITTEE 

Vernon L. Kellogg, permanent secretary, National Re- 
search Council; Edwin Bidwell Wilson, professor of vital 
statistics in the school of public health, Harvard Uni- 
versity; Karl T. Compton, professor of physics, Princeton 
University. 

MEMBER OF FINANCE COMMITTEE 
Geo. K. Burgess, director of the Bureau of Standards. 


TRUSTEE oF SCIENCE SERVICE 


Raymond Pearl, professor of biology in the school of 
medicine and director of the Institute of Biological Re- 
search, the Johns Hopkins University. 





SCIENTIFIC NOTES AND NEWS 


Dr. Georce H. Parker, professor of zoology at 
Harvard University, has been elected president of the 
American Society of Naturalists to succeed Dr. H. H. 
Donaldson, of the Wistar Institute. 


Proressork HertnricH Ries, of Cornell University, 
has been elected president of the Geological Society 
of America for 1929. 


Dr. Kart S. Lasuuey, of the Chicago Institute for 
Juvenile Research, has been elected president of the 
American Psychological Association. He will give 
the address at the time of the meeting of the Interna- 
tional Congress of Psychology to be held in New 
Haven in September, 1929, with which the annual 
meeting of the American Psychological Association 
will be merged. 


Proressor Morris R. CoHEN, since 1912 professor 
of philosophy in the College of the City of New York, 
has been elected president of the eastern section of the 
American Philosophical Society. Dr. E. G. Spauld- 
ing, professor of philosophy at Princeton University, 
was elected vice-president, and Charles W. Hendel, of 
Princeton University, secretary and treasurer. 


Dr. WILHELM OsTWALD, the distinguished German 
chemist, celebrated the fiftieth anniversary of his doe- 
torate on December 19. 


Tue Penrose medal of the Geological Society of 
America was presented to Jakob Johannes Sederholm, 
director of the Geological Commission of Finland, at 
the dinner of the society on December 28. Dr. Bailey 
Willis, of Stanford University, the retiring president 
of the society, presided, and the speakers were Dr. 
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John C. Merriam, president of the Carnegie Institu- 
tion of Washington; Dr. Arthur L. Day, director of 
the Geophysical Laboratory at Washington; Dr. F. P. 
Moulton, professor of celestial mechanics at the Uni- 
versity of Chicago, and Dr. R. A. Millikan, of the 
California Institute of Technology. 


THE Penrose gold medal of the Society of Eco- 
nomic Geologists was awarded to Professor Walde- 
mar Lindgren, of the Massachusetts Institute of Tech- 
nology, at the annual dinner of the society. 


Tue American Association of University Women, 
which raised the $200,000 to provide radium for the 
research work of Mme. Marie Curie, and which, in 
support of this work, pays her the income from the 
balance of this fund, which amounts to over $56,000, 
has voted that in case of death the income shall be 
paid to her daughter, Mme. Irene Curie-Joliot, so long 
as she is able to continue her scientific work. Mme. 
Curie-Joliot has been working with her mother for 
fifteen years. 

A HUNDRED citizens of Cleveland attended a dinner 
on December 22 in honor of the retiring dean and the 
dean-elect of the school of medicine of Western Re- 
serve University, Dr. Carl A. Hamann and Dr. Torald 
Sollmann. The dinner was given by President Robert 
E. Vinson. Samuel Mather, Newton D. Baker, Charles 
F. Brush, John Severance, Francis Fleury Prentiss, 
Dr. George W. Crile, Dr. John Pascal Sawyer, other 
trustees of Western Reserve University, and active 
and emeritus professors of the School of Medicine at- 
tended the banquet. A decorated sheepskin was pre- 
sented to Dr. Hamann, containing resolutions adopted 
on his retirement by the trustees and faculty of the 
institution. 

THE gold medal of achievement of the Geographic 
Society of Chicago has been awarded to Mr. Henry J. 
Cox, senior meteorologist of the Chicago office of the 
U. S. Weather Bureau. The inscription on the medal 
reads: “For eminent achievement in meteorology, and 
for priceless service in the upbuilding of this society.” 


Proressor Hersert H. WHETZEL, since 1909 pfo- 


fessor of plant physiology at Cornell University, has . 


been elected an honorary member of the Des Moines, 
Towa, Academy of Medicine. Professor Whetzel re- 
cently lectured before the academy on “The Relation 
of Plant Diseases to Human Affairs,” one of a series 
of lectures in western institutions sponsored by the 
Mayo Foundation of Rochester, Minnesota. 


Dr. Wiit1AM SCHROEDER, JR., chief surgeon of the 
Harbor Hospital, has been elected commissioner of 
the new Department of Hospitals of New York City. 


Dr. Hueco S. Cummrne, surgeon-general, U. S. 
Public Health Service, has appointed a board of 
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health officers for the purpose of assisting in meeting 
the outbreak of influenza which recently threatened 
to become epidemic throughout the country. The 
board consists of Drs. George W. McCoy, Wade H. 
Frost and James P. Leake,,who are expected to sub- 
mit from time to time recommendations for the con- 
trol of the epidemic. 


Dr. WiLL1AM DE B. MacNriper, Kenan research pro- 
fessor of pharmacology, Medical School, University of 
North Carolina, Chapel Hill, N. C., will deliver the 
fourth Harvey Society lecture at the New York Acad- 
emy of Medicine on Thursday evening, January 17, 
1929. His subject will be “Urine Formation as Illus- 
trated by an Experimental Nephritis.” 


Dr. Francis G. Benepict, director of the nutrition 
laboratory of the Carnegie Institution of Washington, 
Boston, gave a lecture on “Comparative Physiology 
as an Aid in Studying Problems of Human Nutri- 
tion” before the Yale Medical Society in New Haven 
on December 12, and a lecture on “The Respiratory 
Quotient and Its Significance” before the Harvard 
Medical Society at the Peter Bent Brigham Hospital 
in Boston on December 18. 


Unver the auspices of Sigma Xi, Professor H. J. 
Muller, of the University of Texas, spoke twice at 
Iowa State College on December 17. The titles of his 
addresses were: “The Production of Mutation by 
X-rays” and “Remoulding Living Things.” 


Dr. Lucten M. Hows, for many years professor of 
ophthalmology in the University of Buffalo, first di- 
rector of the Howe Laboratory of Ophthalmology at 
Harvard University, to which he gave the sum of 
$250,000, died on December 27, at the age of eighty 
years. 


Dr. J. K. Haywoop, chemist in charge of insecticide 
supervision, Food, Drug, and Insecticide Administra- 
tion in the Department of Agriculture, died on Novem- 
ber 30, aged fifty-four years. 


SesasTIAN Jacos Maucuy, physicist with the De- 
partment of Terrestrial Magnetism of the Carnegie 
Institution of Washington since 1914, died December 
24, at his home in Chevy Chase, Maryland, after a long 
illness. Dr. Mauchly, who was fifty years of age, 
specialized in terrestrial electricity and as chief of 
the section of terrestrial electricity of the department 
was responsible for the development and improvement 
of many instruments for observing the electric ele- 
ments at field and observatory stations. He made 
numerous valuable contributions to this branch of 
science and was first to call attention to the apparent 
universal twenty-four hour term in the diurnal vari- 
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ation of the earth’s electric field. This fundamental 
result was deduced by him largely from his discussions 
of the work at sea by the Carnegie and he later cor- 
roborated this conclusion by extensive investigations 
of results at land stations over the entire globe. As 
Hanna research fellow Dr. Mauchly received his de- 
gree as doctor of philosophy from the University of 
Cincinnati in 1913. 


Ir is planned to develop an arboretum along the 
shores of Lake Wingra at Madison, where plants and 
game native to Wisconsin will be conserved. Through 
the efforts of Mr. M. B. Olbrich, regent of the uni- 
versity, and others interested in the project, the ac- 
quirement of land for the project has begun. Plans 
may later be expanded to include development of a 
unique laboratory and outdoor museum of wild life. 


L. W. Nurratu has given his large collection of 
fungi, together with a portion of his mycological li- 
brary, to the University of West Virginia. The fungi, 
comprising about 1,600 species, were collected in Fay- 
ette County in the vicinity of Nuttallsburg, West Vir- 
ginia, during the years 1890-1898. The collection is 
especially rich in type material of new species named 
by J. B. Ellis. . The University of West Virginia con- 
templates exchanging duplicate material of the collee- 
tion with other institutions. 


LeapING manufacturers and bankers appeared re- 
cently before the House Committee on Foreign Affairs 
to advoeate the Porter resolution, calling upon the 
President to call an international conference for cal- 
endar reform or to accept an invitation to such a con- 
ference offered by other nations. The benefits of a 
fixed and uniform calendar were told by George East- 
man, of Rochester, N. Y., chairman of the National 
Committee on Calendar Simplification. 


THE United States Civil Service Commission an- 
nounces the following open competitive examinations: 
Toxieologist, $3,800 to $4,400 a year; associate toxi- 
cologist, $3,200 to $3,700 a year; assistant toxicologist, 
$2,600 to $3,100 a year. Applications for the above- 
named positions must be on file with the Civil Service 
Commission at Washington, D. C., not later than 
January 23. The examinations are to fill vacancies in 
the Bureau of Mines, Department of Commerce, for 
duty in Washington, D. C., or in the field; in the 
Chemical Warfare Service, War Department, for duty 
at Edgewood Arsenal, Edgewood, Maryland, and 
vacancies occurring in positions requiring similar 
qualifications, 


Health News, published weekly by the New York 
State Department of Health, reports that Dr. Simon 
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Flexner, director of the Rockefeller Institute for 
Medical Research and chairman of the Public Health 
Council, is very desirous of being notified of out- 
breaks of influenza, especially in institutions, in order 
that the infection may be studied from a laboratory 


standpoint. The laboratory of the State Department 
of Health is also prepared to undertake this work. 


Aw Associated Press dispatch, dated December 23, 
from Minneapolis, reads: “Because at no time in the 
past four years has the University of Minnesota indi- 
cated whether it would accept a proposed $1,000,000 
gift from the Rockefeller Foundation, that organiza- 
tion has withdrawn the offer. The gift was offered to 
the state university in 1924 to establish a medical 
center combining the work of both the University Hos- 
pital and the Minneapolis General Hospital. The 
decision of the Rockefeller Foundation was contained 
in a letter from President Lotus B. Coffman, of the 
university, to the local Board of Public Welfare. The 
letter quoted Dr. George E. Vincent, president of the 
foundation and former president of the University of 
Minnesota, pointing out that failure to accept the 
offer had resulted in its withdrawal.” 





UNIVERSITY AND EDUCATIONAL 
NOTES 


TH® residue of the estate of the late Charles Hall, 
amounting to $10,000,000, will be distributed by his 
trustees to the higher educational institutions of the 
Near East and the Orient. 


LABORATORIES of applied science to cost approxi- 
mately $500,000, the gift of Dr. and Mrs. Ogden M. 
Edwards, Jr., will be erected in connection with the 
medical center of the University of Pittsburgh. 


As a memorial to the late Oscar Johnson, Mrs. 
Johnson and her children have made a gift of $500,- 
000 to Washington University School of Medicine for 
research on the eye, ear, nose and throat. 


Francois P. Garvan, head of the Chemical Foun- 
dation, has given $10,000 to the Johns Hopkins Uni- 
versity for the enlargement of the laboratory of Dr. 
Joseph Colt Bloodgood. Mr. Garvan will also give 
$10,000 a year for five years for the study of human 
cancer, particularly in reference to the use of dyes 
and stains in its diagnosis in its earlier stages and 
treatment and in the investigation of such problems 
as may arise. 


A NEw fellowship has been established at Lehigh 
University for research in the silk industry by Russell 
K. Laros, president of the Laros Silk Company, of 
Bethlehem. The fellowship has been assigned to 
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Theodore H. Marshall, Iowa State, who will devote 
half-time to this work for the next two years. 


Dr. JoHN WALKER Moors, of the University of 
Louisville, will succeed Dr. Stuart Graves as dean of 
the medical school. Dr. Graves resigned recently to 
become dean of the Alabama School of Medicine at 
Tuscaloosa. 


Dr. Pact E. Bowers has been appointed professor 
of abnormal psychology and legal medicine at the 
Loyola University Law School, Los Angeles. 


THe department of anatomy of the University of 
Western Ontario, London, has been reorganized by 
Professor Charles C. Macklin. Dr. Henry Alan 
Skinner has been appointed assistant professor of 
anatomy, and Dr. Elliott N. Ballantyne, Carl G 
Smith, B.A., and Dr. Wilfred K. Welsh are full-time 


instructors. 





DISCUSSION AND CORRESPONDENCE 


MAINTAINING THE STANDARDS AND THE 
SCIENTIFIC USEFULNESS OF THE 
NATIONAL PARKS 


THE approaching meetings of scientific organiza- 
tions and the recent reading of an article’ published 
last summer bring me to comment on the situation. 


Scientific men have more than once expressed them- 
selves in formai and carefully studied resolutions on 
our national parks system. Just a year ago the 
American Association for the Advancement of Science 
reaffirmed its position in terms too clear to be easily 
misunderstood. The standards for which the asso- 
ciation has stood are not new. They were first set 
forth in 1872 and have been confirmed by many acts 
of Congress and by both Democratic and Republican 
administrations since then. To be sure these stand- 
ards have been sometimes violently and again in- 
sidiously assailed by various interests, especially since 
in very recent years the parks have been recognized 
as valuable for promotional purposes. Yet the stand- 
-ards have been maintained inviolate by the prompt 
and vigorous protests of many far-sighted citizens 
and of organizations in all parts of the country. 
Thus thoroughly established by nation-wide support 
and by legislative action covering a long period of 
time and a wide range of subordinate issues and 
interpretations, these standards should be well under- 
stood and supported by scientific men. But the 
_ article cited seems to show that such is not the case. 
The belief expressed by Dr. Van Name in Scrence of 
August 17 that “the purposes of national parks” are 
“limited to preserving extraordinary scenic places 


1 Willard G. Van Name, Science, 68: 157, 1928. 


[Vou. LXIX, No. 1775 


and to catering to vacationists” is not in accord with 
the record. 

Quoting the National Parks Bulletin of April, 1927, 

e government conceives national parks as “areas 
of original unmodified condition, each the finest ex- 
ample of its scenic type in the country, preserved as 
a system from all industrial use.” 

The first national park administration ranked 
national park purposes as “the stimulation of national 
patriotism” and “the fostering of knowledge and 
health.” Secretary Houston defined national parks 
in 1916 as areas containing “features of such out- 
standing importance for beauty as well as for 
national marvels that they merit national recognition 
and protection.” Secretary Lane directed that the 
system “should not be lowered in standard, dignity 
and prestige by the inclusion of areas which express 
in less than the highest terms the particular class or 
kind of exhibit which they represent.” Secretary 
Work, confirming Secretary Lane, assigned national 
parks “a place in the higher education of the people” 
uniting “both physical and mental recreation.” 
President-elect Herbert Hoover, as secretary of com- 
merce, held that national parks “should be those of 


outstanding scientific and spiritual appeal, those that 


are unique in their stimulation and inspiration.” 
Stephen T. Mather, director of the National Park 
Service, says that the national parks system is made 
up of “areas of incomparable scenic grandeur,” 
adding that “those lands whose chief qualification is 
availability for recreation” do not possess “national 
park caliber.” Robert Sterling Yard, secretary of the 
National Parks Association, says that the system “was 
born of the instinet to preserve for all time extraordi- 
nary beauty and majesty of native landscape in 
original unmodified record; it was developed by the 
genius of the people without conscious planning 
through a generation and a half of park making; 
this product analyzed, its purpose and standards were 
formulated for the conscious upbuilding of the future. 
The system is thus revealed as a unique expression of 
the combined idealism and practicality which makes 
the nation great.” Dr. John C. Merriam, president 
of the Carnegie Institution of Washington, calling 
the system a “super-university,” declares that “the 
purely educational value of our national parks is far 
beyond that of any regularly established formal edu- 
cational institutions. ... Nature is said to be an 
open book to those who really wish to read it, but 


/there are grades and shades of meaning which may 


be hard to understand. There is certainly no place 
where the leaves are more widely spread or the print 
more clear than in those portions of the book,” in the 
national parks of which he was writing. 
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The council of the American Association for the 
Advancement of Science called national parks in 
1925 “the means of preserving unique representations 
of the primitive and majestic in nature,” and recorded 
its protest “against additions to the National Parks 
| System, or change in policy, which may tend to lessen 
' in fact or in public estimation their present high value 
as natural museums, their complete conservation from 
industrial uses, and their effectiveness as a national 
educational institution.” The same body resolved in 
December, 1927, that it approved “the creation of 
those national parks only which meet the highest 
standards of the system, namely, which are wholly 
or almost wholly areas of original unmodified natural 
conditions, each a unique example of its landscape or 
geologic type,” and stated that the system’s “facilities 
for popular education in nature and for inspiration” 
possessed “incaleulable value to individuals and the 
nation.” 

Dr. Van Name is overimpressed, in my opinion, by 

the “eatering to vacationists” which characterizes one 
or two spots in each national park. The overwhelm- 
ing majority of park visitors are motorists who, from 
desire and necessity, stick to a few roads and concen- 
tration points. All the eleven hundred square miles 
of Yosemite National Park, for example, remain a 
splendid wilderness except the eight or nine square 
miles constituting Yosemite Valley and several out- 
lying public camp sites, together with a few ribbons 
of road approaching and connecting them. Consider- 
ing the immensity of the combined park wildernesses 
enjoyable only by devotees of the trail (averaging 
two or three passersby to the square mile per season), 
recreation will be properly classed merely as a by- 
product. 
|, Dr. Van Name appears to make a mistake too 
‘common in Congress, especially among the recently 
elected. He fails to see our national parks as a 
system the nature and products of which necessarily 
will change with alterations in its component elements. 
That is why scientific men who have the system’s great 
objectives at heart vigorously oppose the slightest 
alteration in the standards of areas proposed for 
additions, 

I am sure that we all very heartily sympathize with 
Dr. Van Name’s ruling passion to save as much of 
the country’s small remaining primitive forests as is 
reasonable and practicable, but I am also sure that 
other means should be sought which will not over- 
burden to distortion, or divert in the least from its 
great objectives, an institution of unique and ines- 
timable usefulness. Already the national parks sys- 
tem preserves thousands of square miles of noble 
Primitive forest. The floras of the Rockies, Cascades 
and Sierra, from about 3,500 feet altitude up, are 
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illustrated in full range and remarkable example. 
Especially are the great forests on the Pacific slope 
splendidly illustrated. Sugar pine stands of super- 
lative and great size will remain in both Sequoia and 
Yosemite National Parks even if that comparatively 
very small portion of the Yosemite forest over which 
Dr. Van Name is so disturbed should pass into the 
National Forest. 

Let me frankly admit my own greed. I should like 
to see preserved forever in its original unaltered con- 
dition as much of the remaining American primeval 
forest as can safely be segregated from other neces- 
sary uses. But for those parts of it which the 
national parks system can not admit without endan-, 
gering its own precious standards, we must find some \ 
other method of preservation. 

Henry BaLpwiIn Warp 

UNIVERSITY OF ILLINOIS 


THE MOLECULAR SCATTERING OF LIGHT 


In a recent note on the molecular scattering of light 
(Comptes Rendus, 186: 1533, 1928), MM. J. Caban- 
nes and P. Daure report an interesting observation, 
the interpretation of which seems to present some dif- 
ficulty. 

Gaseous butane was illuminated with the mercury 
line 4358 A and the scattered light analyzed by the 
aid of a Fabry and Perot etalon. A wave-length shift 
towards the red of 0.01 A was observed. With scat- 
tering liquids no ring system could be obtained due 
to a broadening of the scattered line. 

The authors do not give the angle of scattering. If 
we assume that it was 90°, the observed wave-length - 
shift is equal, within the experimental error, to the 
shift called for by the theory of the Compton effect. 
However, if the phenomenon is to be interpreted as a 
Compton effect, there should be an unmodified line; 
in fact, according to our present conceptions, all the 
seattered energy sheuld, for a wave-length as long as 
4358 A, lie in the unmodified line. No such line is re- 
corded. The fact that P. A. Ross (Science, 57: 614, 
1923) failed to detect any wave-length shift in the 
light seattered by solid paraffin hardly contradicts the 
observation made by Cabannes and Daure, since the 
scattering in solid paraffin is not purely molecular. 

An interpretation of the observed wave-length shift 
in terms of the newly discovered Raman effect seems 
also impossible. While the Raman effect might lead 
to an asymmetrical broadening, it can hardly account 
for a shift greater than the width of the scattered line. 

A verification and a more detailed study of the 
new phenomenon (dependence upon the angle of seat- 
tering, ete.) are greatly needed. 

J. Rup NIELSEN 


UNIVERSITY OF OKLAHOMA 
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THE PRONUNCIATION AND SPELLING OF 
SCIENTIFIC TERMS 

THE interest shown in orthoepy by some of the 
readers of SCIENCE leads me to mention a paper en- 
titled “The Pronunciation and Spelling of Words 
Used in Science,” which I published in the General 
Science Quarterly, a journal for secondary school 
teachers, in November, 1926. This paper contains, 
among other things, a list of several hundred words 
and proper names which are commonly mispro- 
nounced. The most acceptable pronunciations of the 
words are given and common errors in the pronuncia- 
tion are indicated. Any one who does not have access 
to the files of the General Science Quarterly may 
secure a mimeographed copy of this paper from the 
writer. 

DvuANE ROLLER 


DEPARTMENT OF PHYSICS, 
UNIVERSITY OF OKLAHOMA 





REPORTS 


APPROPRIATIONS FOR THE DEPARTMENT 
OF AGRICULTURE 


THe Appropriation Bill for the U. S. Department 
of Agriculture for the fiscal year ending June 30, 
1930, was reported to the House by the Committee on 
December 14. It carries an aggregate of $143,148,047, 
a decrease of $565,246 as compared with the appro- 
priations for the eurrent year and a decrease of 
$535,648 under the estimates submitted by the Bureau 
of the Budget. 

The summary of the bill of the committee follows: 
Reguiar departmental (agriculture) funds recom- 
mended in the bill, $60,598,047, inérease over 1929 
appropriations $3,482,047, decrease from budget esti- 
mates $585,648. Federal-aid highways and forest 
roads recommended in the bill $82,000,000, increase 
of $3,500,000 over 1929 appropriations. Total recom- 
mended in the bill $142,598,047. 

In addition to the total recommended in the bill 
there also are permanent annual appropriations of 
$11,048,436, automatically in effect under legislation 
enacted at prior sessions of Congress. 

Totals of appropriations by offices, as proposed in 
the bill, include the following: 

Seeretary’s Office, $11,728,390, including salaries, 
compensation, shops and power plant, rents of build- 
ings; $1,242,000 for Office of Information, including 
printing and binding; library, $102,000; Office of 
Experiment Stations, $4,737,000; Extension Service, 
$4,467,000. 

Weather Bureau, $3,143,400, ineluding $2,100,000 
for station salaries and expenses, and $500,000 for 
investigating atmospheric phenomena. 
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Bureau of Animal Industry $11,577,790, ineluding: 
Administration, $182,900; inspection and quarantine, 
$768,000; eradication of tuberculosis, administrative, 
$4,871,000, and indemnities, $4,321,000; eradicating 
eattle tick, $736,000; animal husbandry, $520,790; 
diseases of animals, $348,500; eradicating hog cholera, 
$497,000; eradicating dourine, $28,000; Packers and 
Stockyards Act, enforcement, $385,000; meat inspec- 
tion, $2,600,000. Bureau of Dairy Industry, $649,800. 

Bureau of Plant Industry, $4,797,843, including: Ad- 
ministration, $207,000; pathological laboratory, $58,- 
500; citrus canker, $45,000; forest pathology, $195,- 
052; blister-rust control, $454,700; plant nutrition, 
$17,990; cotton, rubber and other tropical plants, 
$160,000; drug and related plants, $37,700; nema- 
tology, $57,900; seed laboratory, $77,800; cereal 
crops and diseases, $805,920; tobacco investigations, 
$70,310; sugar plants, $257,000; botany, $53,800; dry 
land agriculture, $333,900; western irrigation agri- 
culture, $145,600; horticultural crops and diseases, 
$1,077,231; experimental gardens and grounds, $97,- 
740; Arlington (Virginia) farm, $60,000; foreign 
seed and plant introduction, $203,200; forage crops 
and diseases, $205,000; biophysical laboratory, 
$36,000. 

Forest Service, $12,814,280, including: Administra- 
tion, $362,230; miscellaneous forest wages, $6,703,000; 
fighting and preventing forest fires, $100,000; airplane 
control, $50,000; lands, $52,500; sanitary facilities 
and fire-protective measures, $50,000; equipment and 
supplies, $130,000; forest products, $575,000; coop- 
erative forest surveys, $40,000; economic investiga- 
tions, $25,000; range investigations, $67,000; plant- 
ing national forests, $210,000; silvicultural investiga- 
tions, $413,000; reconnaissance, national forests, 
$108,550; improvement of national forests, $645,000; 
forest fire cooperation, $1,300,000; forest planting 
stock distribution, $83,000; acquisition of forest 
lands, $1,900,000. 

Bureau of Chemistry and Soils, $1,450,575, inelud- 
ing: Administration, $58,540; agricultural investiga- 
tions, $279,070; color investigations, $78,000; table 
and sweet syrup investigations, $37,600; insecticide 
and fungicide investigations, $83,765; plant-dust ex- 
plosions and fires, $51,500; naval stores investiga- 
tions, $20,000; soil chemical investigations, $36,100; 
soil physical investigations, $18,100; fertilizer investi- 
gations, $311,500; soil survey, $274,000; soil-bacteri- 
ology investigations, $43,400; soil fertility investiga- 
tions, $159,000. 

Bureau of Entomology, $1,872,670, ineluding: Ad- 
ministration, $91,000; deciduous fruit insects, $352, 
790; tropical and subtropical fruit insects, $130,500; 
truck-crop insects, $278,560; forest insects, $194,000; 
cereal and forage insects, $470,620; miscellaneous in- 
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sects, $83,900; stored products insects, $71,900; 
taxonomy of insects, $145,000; bee culture, $54,400. 

Bureau of Biological Survey, $1,424,166, inelud- 
ing: Administration, $73,280; maintenance of mam- 
mal and bird reservations, $75,000; food habits of 
birds and animals, $628,273; production of fur-bear- 
ing animals, $51,200; biological investigations, $56,- 
00; protection of migratory birds, $173,013; animal 
breeding and protection in Alaska, $101,000; upper 
Mississippi River refuge, $190,600; Bear River, 
migratory bird refuge, $75,000. 

Bureau of Public Roads, $495,400, including: Ad- 
ministration, $70,500; road management, $65,000; 
investigating road building, ete., $72,900; farm irri- 
gation, drainage and engineering, $287,000. 

Bureau of Agricultural Economies, $6,056,433, in- 
cluding: Administration, $286,000; farm management, 
$409,000; marketing and distributing farm products, 
$765,933; erop and livestock estimates, $845,000; 
market inspection of perishable foods, $420,000; mar- 
ket news service on fruits and vegetables, $1,227,000; 
cooperative marketing, $290,000; cotton statistics, 
$420,000; cotton futures and standards acts, enforce- 
ment, $219,500; enforcement of the United States 
Grain Standards Act, $820,000; administration of the 
United States Warehouse Act, $256,000; enforcement 
| of Standard Container and Produce Agency Acts, 
$40,000 ; salaries and expenses, wool division, $8,000; 
wool marketing studies, $50,000. -)peration of Cen- 
ter Market, Washington, D. C. 

Bureau of Home Economies, $167,500, including: 
Administration, $18,500; general expenses, $149,000. 

Plant Quarantine and Control Administration, $2,- 
618,500, ineluding: Administration, $73,000; plant 
quarantine enforcement, $550,000; parlatoria date 
scale control, $86,700; Thurberia weevil control, $34,- 
300; gypsy and brown-tail moth control, $567,500; 
European corn borer control, $898,000; Japanese and 
Asiatie beetle control, $267,000; white-pine blister- 
rust control, $27,000; Mexican fruit worm control, 
$35,000; export inspection and certification, $30,000; 
Grain Futures Act, enforcement of, $110,000. 

Food, Drug and Insecticide Administration, $1,537,- 
300, including: Administration, $104,000; collabora- 
tion with other departments, $16,300; Pure Food and 
Drugs Act, enforcement, $1,030,000; Tea Importation 
Act, enforcement, $43,800; Naval Stores Act, enforce- 
ment, $39,500; Insecticide Act, enforcement, $224,- 
000; Milk Importation Act, $53,000; Caustic Acid 
Act, enforcement, $26,700. 

Experiments in livestock production in southern 
United States, $43,500. 

_ Experiments in dairying and livestock production 
In western United States, $60,500. 
Farmers’ seed-grain loans collection, $10,000. 
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Cooperative investigations, South Carolina Experi- 
ment Station, $40,000. 

Forest roads and trails, $8,000,000. 

Federal-aid highway system, $74,000,000. 





SPECIAL ARTICLES 


ON THE VARIATION OF LATITUDE WITH 
THE MOON’S POSITION 

REcENT investigations at this laboratory have sug- 
gested a possible connection between the variation in 
latitude of a given place on the earth’s surface and 
the position of the moon in the sky at the time obser- 
vations for latitude are made. An analysis of the 
whole series of the latitude observations, which were 
made by Ross at Gaithersburg from 1911 to 1914, has 
revealed a striking correlation between the moon’s 
hour angle and the value of the latitude obtained. — 
The data were restricted to results obtained with the 
photographie zenith telescope, thus eliminating all 
personal equation. For convenience the observations 
were divided into two periods, one from 1911 to 1913, 
the other from 1913 to 1914. According to Ross’s 
estimates, the 1913 to 1914 observations were consid- 
erably superior to those of the earlier years, as is 
evidenced by the smaller probable error. 

In conducting the analysis, a card catalogue was 
made of the results of the observations of latitude 
for each night and each group of stars. The mean 
right ascensions of the group give the necessary data 
for ascertaining the moon’s hour angle at the time 
of observation. From the mean curve of latitude 
variation: at Gaithersburg extending over the period 
1911 to 1914 and published by Ross, corrections were 
obtained to reduce each night’s data to the mean lati- 
tude of Gaithersburg, determined from the observa- 
tions of the whole period. The resultant values of 
latitude were then tabulated against the mean value 
of the moon’s hour angle for each group of stars, and 
the running mean taking three at a time gave the 
results graphically shown in Fig. 1. 










































































18 SCIENCE 


Since the declination of the moon and hence the 
observer’s distance from the sublunar point may vary 
greatly even for the same values of the hour angles, 
the hour angle and declination were transformed into 
altitude and bearing by suitable tables. Again the 
observations were divided into two series, one includ- 
ing those made when the moon was above the horizon 
and the other when it was below the horizon. 

The striking rise in the value of the latitude with 
the increasing altitude of the moon is shown in the 
altitude-latitude curve, Fig. 2, which again was 
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Fig. 2 


plotted from the running means. The maximum 
latitude occurs at altitude 30°, or when the observer 
was 60° from the sublunar point. It should be 
stated that the extreme range of variation of latitude 
due to this lunar effect was 0.”08 for the 1913-1914 
series and about 0.”09 for the whole series 1911-1914. 
On account of the relatively greater degree of preci- 
sion obtained in the 1913-1914 series and the larger 
number of observations ineluded, double weight was 
given this series in plotting the final graph as exhib- 
ited in Fig. 2. The fact that the total variation is 
about twenty times the probable error of each point 
on the curves leaves little ground for interpreting the 
curve as a chance phenomenon. The curve of obser- 
vations for the moon below the horizon is radieally 
different. A marked fall in the value of latitude 
follows the negative altitude of 30°. 

In seeking an explanation for this extraordinary 
relationship one is at a loss to account for the fluctua- 
tion on the grounds of any deflection of the vertical 
due to a theoretical tide in the earth’s crust. 

Meteorological causes, unless a function of the lunar 
hour angle, should have been practically eliminated 
in the averaging of between two and three thousand 
observations. The possibility, however, of the effect 
of an atmospheric tide may need some consideration. 
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Fig. 3 


It should be noted that a change in refraction sys. 
tematically introduced by the passing of an atmos. 
pherie tide is of the correct sign for the observed 
effect, but the magnitude of the variation seems too 
large to be accounted for on such a hypothesis. 

One is led to interpret the result as a change in 
the direction of the earth’s instantaneous axis of rota- 
tion, unless the more fanciful hypothesis of an actual 
displacement of the earth’s crust is to be entertained. 
It is to be emphasized that various attempts to detect 
deflections in the direction of gravity by the plum) 
line, horizontal pendulum or a pipe experiment such 
as that of Michelson and Gale refer all changes to 
the position of the earth’s crust, whereas the location 
of the zenith as in the Taleott method for latitude 
determination refers the vertical to the direction of 
the earth’s axis in space. 

Whatever may be the causes involved, the impor 
tance of the consequences of such an observed effect 
searcely needs to be emphasized, as it vitally concerns 
the fundamental determination of star positions. It 
is suggested that a possible explanation of the notable 
discrepancies in stellar coordinates from star cata- 
logues of widely distributed observatories may, 4 
least in part, be traceable to this lunar effect. 

The investigation is now being continued in 4 
analysis of the latitude observations made with the 
same instrument after its removal to the Naval Obser- 
vatory at Washington. This latter investigation ba 
now so far progressed as to completely confirm the§ 
correlation of the change in latitude with the luna 
hour angle discovered in the Gaithersburg series o 
observations. In the preparation of the data for tht 
analysis, I have had the invaluable assistance of Mis 
Margaret Olmsted, a graduate student at Radcliffe 
College. Haran TRUE STETSON 
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